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Monday, February 17, 2014 231amutations. The bacterial SOS response system regulates DNA repair and other
pathways responsible for the cellular response to DNA damage. Among genes
upregulated during the SOS response is the umuD gene, encoding the manager
protein UmuD that subsequently undergoes self-cleavage to remove its N-ter-
minal 24 amino acids to form UmuD’. The umuD gene products are involved in
managing the cellular response to DNA damage through their interactions with
damage-bypass DNA polymerases DNA pol IV and pol V. UmuD and UmuD’
also interact with the alpha DNA polymerase and beta processivity clamp sub-
units of the replicative DNA polymerase III. We probed the interactions be-
tween UmuD or UmuD’ and the alpha polymerase subunit and determined
that the umuD gene products interact with alpha at two sites: the N-terminal
PHP domain, which is responsible for interactions with the epsilon proof-
reading subunit, and the C-terminal domain, which harbors interaction sites
for the beta clamp, the tau subunit of the clamp loader, and single-stranded
DNA (ssDNA). The C-terminal domain of alpha preferentially binds to full-
length UmuD. With FRET experiments, we subsequently showed that UmuD
but not UmuD’ inhibits the interaction between alpha and beta, suggesting
that early in the SOS response to DNA damage, UmuD could displace alpha
from the beta processivity clamp. Furthermore, optical tweezers experiments
revealed that UmuD specifically inhibits the interaction between alpha and
ssDNA. Together, these observations suggest that UmuD plays a key role in
regulating the replication fork after DNA damage.
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The discovery that the C helix of Bacteriorhodopsin exhibits spontaneous, pH-
dependent insertion to form a helix across lipid bilayers has led to the use of
related peptides, pHLIPs (pH (Low) Insertion Peptides), to study peptide inser-
tion across bilayers, to selectively target cargoes to tumors and other acidic tis-
sues in vivo, and to deliver molecules across the plasma membranes of living
cells.
Because pHLIP is unfolded on the surface of a bilayer and folding is pH-
triggered, we are able to begin to observe and understand the molecular events
that accompany the insertion and folding of a peptide entering a bilayer. When
the pH is dropped, it is found that a helix forms rapidly on the bilayer surface,
followed by a slow insertion across it in several kinetically distinct steps. The
exit pathway when the pH is suddenly raised is more rapid, and includes partial
unfolding of the helix while still in the bilayer. Lipid composition and sequence
features affect the insertion pK and pathway intermediates.
pHLIPs target acidic tissues in vivo, where the transmembrane insertion stabi-
lizes them in cells, enabling targeting of imaging and therapeutic agents. We
have shown targeting of dyes, radioisotopes, nanogold and Peptide Nucleic
Acids (PNAs) to tumors in mice, and will report on the state of our efforts to
use PNAs to suppress onco-micro RNAs, a possible route to tumor therapy.
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Through its neuroprotective function, the blood-brain barrier (BBB) presents a
major challenge for the delivery of therapeutics to the central nervous system.
Critical to this function, well-described BBB efflux pumps in the ATP-binding
cassette (ABC) superfamily serve to limit drug penetration across the BBB.
Conversely, the BBB also serves in the delivery of selected nutrients, such as
vitamins and amino acids, to the central nervous system through influx trans-
porters in the Solute Carrier (SLC) superfamily. In this overview presentation,
I will describe the profiling of 359 SLC transporters in the human BBB,
comparative expression analysis with kidney and liver, and immunoassays in
brain microvessels. Several transporters previously not known to be expressed
in the BBB will be highlighted along with results from in vivo studies in ro-
dents. Several concepts will be emphasized in this presentation. In particular,
a large number of SLC transporters show enriched and high levels of expression
in the human BBB. Importantly, transporters with primary roles in drug dispo-sition in the liver and kidney are also highly enriched in the BBB. Collectively,
a dynamic view of the BBB will be presented with broad implications to the
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Whenever there is cell death, apoptotic cell free DNA fragments appear in the
circulation of the host. These fragments, typically 145-160 base pairs in size,
represent a minute fraction of total DNA in the host circulation. If care is taken
to avoid host cell breakage, the apoptotic DNA fragments can be analyzed to
provide information about the genome of the cells that produced them. In preg-
nancy, analysis of apoptotic DNA fragments has allowed the development of
very effective noninvasive aneuploidy testing. Indeed it is possible to recon-
struct the entire fetal genomic DNA sequence from these fragments. In cancer
it is possible to view copy number, sequence, and epigenetic differences be-
tween the tumor and the host by analyzing circulating free DNA. While this
work is still at early stages it is reasonable to predict that an array of useful
noninvasive cancer diagnostic tests should soon result from such studies. It is
furthermore likely that a careful search for informative apoptotic DNA frag-
ments that differ in methylation from DNA in the circulation of a normal
host might lead to methods for the early detection of other clinical situations
that are characterized by inappropriate cell death.
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There is an urgent need to translate genome-era discoveries into clinical utility,
but the difficulties in making bench-to-bedside translations have been well
described. The nascent field of translational bioinformatics may help. Dr.
Butte’s lab at Stanford builds and applies tools that convert more than a trillion
points of molecular, clinical, and epidemiological data — measured by re-
searchers and clinicians over the past decade — into diagnostics, therapeutics,
and new insights into disease. Dr. Butte, a bioinformatician and pediatric endo-
crinologist, will highlight his lab’s work on using publicly-available molecular
measurements to find new uses for drugs including drug repositioning for in-
flammatory bowel disease, discovering new treatable inflammatory mecha-
nisms of disease in type 2 diabetes, and the evaluation of patients presenting
with whole genomes sequenced.Symposium: Stochasticity in Cellular Processes
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In recent years, theoretical modeling of biochemical reaction networks has shed
light on the connection between network features (i.e., structure and dynamics)
and biological function. At the same time, the pervasiveness of stochastic fluc-
tuations in cellular processes has been amply demonstrated. These fluctuations
can fundamentally influence dynamics–for example, we found that network
models of virus evolution coupled to cellular immune responses have stochastic
steady-state distributions that are qualitatively different from those predicted by
deterministic equations. I will discuss how the features of the network that give
rise to this disparity are related to those underlying stochastic bistabilities
encountered in gene regulation and cell signaling. I will also discuss recent ad-
vances in numerical methods for inferring critical dynamical mechanisms in
complex networks, which have the potential to inform strategies for perturbing
cell dynamics.
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Spike time reliability (STR) refers to the phenomenon in which repetitive ap-
plications of a frozen copy of one stochastic signal to a neuron trigger spikes
with reliable timing while a constant signal fails to do so. Focusing on the sit-
uation in which the unstimulated neuron is quiescent but close to a switching
point for oscillations, we numerically and dynamically analyze STR treating
each noise-driven spike occurrence as a time localized event in a model neuron.
We study both the averaged properties as well as individual features of
232a Monday, February 17, 2014spike-evoking epochs. The effects of interactions between spikes is minimized
by selecting signals that generate spikes with relatively long interspike inter-
vals. We study two distinct cases characterized by either a smooth or discontin-
uous dependence of frequency on the applied current. In the setting of noise-
induced spiking the frequency content of the input signal has little impact on
STR. Rather, increased STR is observed for a certain increase in the average
amount of current delivered during a fixed time interval in combination with
a favorable time profile. These computational results are complemented by
an analytical approximation for the density of the phase difference of two
coupled stochastically forced oscillators, considering different relative sizes
of the intrinsic and extrinsic noises. When common noise forcing dominates,
there is a stronger probability of synchronization related to STR. In contrast,
if the intrinsic noises are not of identical strength, there is a synchronized lag
between oscillations.
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Cell-to cell variability in cell cycle duration was observed long ago how-
ever its sources are still unknown. A surprising feature of cell cycle dura-
tion inheritance is that it seems to be lost within one generation but to
reappear in the next generation, generating poor correlation between mother
and daughter cells but high correlation between cousin cells. This observa-
tion suggests the existence of an underlying deterministic process. We
developed an experimental system that precisely measures the cell cycle
duration of thousands of mammalian cells along several generations and
a mathematical framework that allows discrimination between stochastic
and deterministic processes. In contrast to previous understanding, we
show that the inheritance of the cell-cycle duration follows a deterministic
process. We build a deterministic chaos toy model for cell-cycle inheritance
that reproduces the main features of our data. Our approach constitutes a
general way to distinguish between stochastic and deterministic processes
in lineages of cells or organisms, and may help predict and, eventually,
control cell-to-cell heterogeneity in various systems, such as cancer cells
under treatment.
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Dynein motors are the largest of the cytoskeletal motor proteins. They perform
critical functions in eukaryotic cells, carrying cargoes along microtubule tracks
and exerting pulling forces on microtubules in a variety of cellular processes.
Dynein motors use ATP hydrolysis to perform these functions by moving to-
wards the minus ends of microtubules. A major goal of our research is to un-
derstand the structure and conformational changes that allow dynein, a
member of the AAAþ superfamily of ring-shaped ATPases, to perform these
functions.
We have used cryo-electron microscopy and single-particle image processing
to determine (ab initio) three-dimensional structures of a native (full-length)
flagellar dynein (dynein-c from the single-celled alga Chlamydomonas) and
of an engineered cytoplasmic dynein motor domain (from the slime mold Dic-
tyostelium) lacking the cargo-binding tail domain, in different nucleotide
states. The structures show key sites of conformational change within the
AAAþ ring and a large rearrangement of the ‘‘linker’’ domain, involving a
hinge near its middle.
Analysis of a mutant in which the linker ‘‘undocks’’ from the ring indicates that
linker remodeling requires energy that is supplied by interactions with the
AAAþ modules. We find flexing of the tail domain of dynein-c and the stalks
of both dynein isoforms, relative to the AAAþ ring in the frozen-hydrated state.
Fitting the dynein-c structures into three-dimensional cryo-tomograms of Chla-
mydomonas flagella suggests how the mechanism of linker remodeling could
drive sliding between microtubules. This also has implications for the proces-
sive stepping of cytoplasmic dynein dimers undergoing cargo transport and
force exertion.
This work was funded by the B.B.S.R.C. (UK), the Human Frontiers Science
Programme Organization, The Wellcome Trust (UK) and MEXT (Japan).1175-Symp
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The complexity of the flagellar axoneme derives from ca. 600 types of modular
building block assembledhierarchically.Among these building block, axonemal
dyneins are indispensable for flagellar motility. On each of nine doublet micro-
tubules cyclically arrayed in an axoneme, dyneins are aligned in two rows, outer-
and inner-arm dyneins. In Chlamydomonas, the model organism for flagellar
motility, several major subspecies of dyneins have been described; one outer-
arm dynein with three different heavy chains, one heterodimeric inner-arm
dynein and six inner-arm dyneins. Each of the heavy chains is reported to
have different mechanical properties. They are precisely arranged along doublet
microtubules and regulated in a coordinated fashion to produce periodic flagellar
beating. To obtain a hint of this complexity, we have carried out in vitro motility
assays and compared mechanical properties of various dynein heavy chains,
such as velocity of microtubule sliding and processivity. Furthermore, we
measured the sliding velocity of microtubules driven by a pairwise mixture of
the faster dynein and the slower dynein at various ratios and evaluated the effect
of the slower dyneins on the microtubule translocation by the faster ones. We
found that the slower dyneinwould not significantly retard themicrotubule trans-
location by the faster dynein but could be recruited into the translocation of mi-
crotubules in the medium velocity. The DNA-origami techniques in which
cytoplasmic dyneins were combined together on a DNA-origami rod reveal
auto-inhibition between dynein molecules and strain-dependent release from
the auto-inhibition.We review these methods for the bottom-up and directed as-
sembly ofmodular constructs in vitro andwe highlight how they shed light on the
self-organized coordination of dyneins at force generation in the axoneme.
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Important functions of eukaryotic cells such motility and division depend sensi-
tively on cytoskeletal mechanics and organization. In particular, microtubules
are stiff dynamic polymers that can generate pushing and pulling forces. To
fulfill biological functions, microtubules adopt specific spatial patterns, like
the mitotic spindle during cell division. How the shape and size of cells, as
well as the presence of pushing and/or pulling forces influence this organization
is in many cases still unclear. To assess the influence of confinement on micro-
tubule self-organization, we reconstitute a dynamic microtubule cytoskeleton
inside 3D water-in-oil emulsion droplets, using lipids that can optionally be
functionalized with active dynein molecular motors. We study the positioning
of centrosomes, from which microtubules are nucleated that exert pushing and/
or dynein-mediated pulling forces when reaching the boundary. We show that
the central position of one centrosome confined in a spherical droplet is drasti-
cally destabilized by pushing forces, while pulling forces tend to center the
centrosome. Interestingly, when two centrosomes are present, pushing forces
cause the centrosomes to find a stable position at opposite sides of the droplet.
When both pushing and pulling forces are present, two centrosomes adopt an
equilibrium position balancing the centering effect of the dynein-mediated
pulling forces with the repulsion effect of the two centrosomes, thereby repro-
ducing a ‘mitotic spindle’ like organization. These experiments set the stage for
a better understanding of the role of additional mitotic spindle components such
as mitotic motors and crosslinkers that we plan to add to our system.
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Several novel methods for high-speed, high resolution microscopy have
enabled new insights into function of molecular motors in vitro and in live cells.
Several groups have developed methods to track the position and orientation of
bi-functional organic fluorophores or quantum rods bound to specific motor
subunits. We have now improved the time resolution by time-multiplexing
excitation polarization every 100 ms and resolving structural changes by the
consequent sudden changes in photon collection rates. In addition, we devel-
oped a multi-channel change-point method to detect structural states within
